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80年代末, 距今已有30年的发展历程. 目前, 基因组编
辑技术包括归巢核酸酶(meganucleases, MN)、锌指核
酸酶(zinc finger nucleases, ZFN)、转录激活因子样效
应物核酸酶(transcription activator-like effector nu-
cleases, TALEN)和成簇的规律间隔的短回文重复序列
及其相关系统(clustered regularly interspaced short pa-







一[5,6]; 2014年, Nature methods将基因组编辑技术评为
近十年中对生物学研究最有影响力的方法之一 [ 7 ] ;
2015年, Science将CRISPR/Cas9技术评为2015年十大
科学突破之首(2015 Breakthrough of the Year); 2016
年, 麻省理工科技评论(MIT Technology Review)将植
物基因精准编辑技术列为当年的十大突破技术(2016
Breakthrough of the Year); 2017年, Science将单碱基基
因编辑技术评为十大突破之一(2017 Breakthrough of
the Year)[8]. 目前, 基因组编辑技术在模式植物或作物
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看(图2), CRISPR相关研究的文献量最多, 共447篇, 占
总量的36.14%;其次为ZFN技术,其相关研究的文献量
为387篇, 占总量的31.29%; 文献量排第三的为TALEN







双链断裂(DNA double-strand break, DSB),可使同源重
组频率提高几个数量级;此外,将目标载体通过农杆菌
介导的方法在拟南芥、玉米等作物中进行稳定遗传转


















































































Figure 2 Distribution of papers on different crop genome editing
techniques
1)各分支的文献之间有少量重叠
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图 3 作物基因组编辑技术热点年度分布



















































































Figure 4 Papers of crop genome editing in major countries over time
图 5 作物基因组编辑技术发文TOP20国家合作网络
Figure 5 The co-operation network of papers in TOP20 countries




































































































































Figure 9 Distribution of patents in different crop genome editing
techniques
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图 10 作物基因组编辑核心技术发展历程
















































Figure 12 The TOP10 countries in patent publication



























































Figure 14 The TOP20 organizations in patent publication






DuPont Pioneer Gains Exclusive License for Genome-
Editing Technology from Vilnius University).同年,杜邦
与CRISPR/Cas技术领先开发商Caribou生物科学公司
达成战略联盟, 获得CRISPR/Cas技术在主要农作物中
的独家知识产权使用权(DuPont. DuPont and Caribou





Monsanto and ToolGen Announce Global Licensing
Agreement on CRISPR Platform). 2018年, 农业科技公
司Benson Hill Biosystems (Benson Hill)新的基因组编
辑方法获美国专利商标局的专利授权, 该专利涉及
CRISPR 3.0 Cms1基因组编辑核酸酶, 并将进一步扩
大该公司的基因组学工具组合(Benson Hill. Benson




Pairwise Announce R&D Collaboration to Accelerate











管审查阶段(DuPont Pioneer. DuPont Pioneer An-








布解除转基因生物安全监管(Antonio Regalado. A Po-




Figure 15 The co-operation network of patents in TOP20 organizations
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Genome editing technology is an emerging technology that has been developing rapidly for targeted modification of genomic DNA in
recent years. It is divided into four categories, to be specific, meganucleases (MN), zinc finger nucleases (ZFN), transcription
activator-like effector nucleases (TALEN), and clusterd regularly interspaced short palindromic repeats associated Cas system
(CRISPR/Cas). At present, genome editing technology has been widely used in the basic research of model plants or crops, and some
crop varieties developed with these technologies have been licensed for commercial use. It is expected that the gene-edited crops will
develop rapidly worldwide in the coming few years. By comprehensively utilizing methods of qualitative research and quantitative
literature analysis, this paper conducts a thorough analysis on the current R&D situation, major countries, key institutions, and their
research focuses. These research results can provide significant references for China to make overall arrangements of the R&D
initiatives and relevant policy making.
crop, genome editing, meganucleases (MN), zinc finger nucleases (ZFN), transcription activator-like effector
nucleases (TALEN), clusterd regularly interspaced short palindromic repeats associated Cas system (CRISPR/
Cas)
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